Objective: The present study examined whether slow and/or fast sleep spindles are related to visuomotor learning, by examining the densities of current sleep spindle activities. Methods: Participants completed a visuomotor task before and after sleep on the learning night. This task was not performed on the non-learning night. Standard polysomnographic recordings were made. After the amplitudes of slow and fast spindles were calculated, sLORETA was used to localize the source of slow and fast spindles and to investigate the relationship between spindle activity and motor learning. Results: Fast spindle amplitude was significantly larger on the learning than on the non-learning nights, particularly at the left frontal area. sLORETA revealed that fast spindle activities in the left frontal and left parietal areas were enhanced when a new visuomotor skill was learned. There were no significant learning-dependent changes in slow spindle activity. Conclusions: Fast spindle activity increases in cortical areas that are involved in learning a new visuomotor skill. The thalamocortical network that underlies the generation of fast spindles may contribute to the synaptic plasticity that occurs during sleep. Significance: Activity of fast sleep spindles is a possible biomarker of memory deficits.
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Introduction
Our daily lives constitute a series of highly sophisticated motor actions, the performance of which requires numerous skills. The acquisition of a new motor skill often requires careful training. This continuous and effective training ultimately enables automation of the movement. Presumably, this automation occurs as a result of consolidation and stabilization of the skill in procedural memory (Hikosaka et al., 2000) . Recently, numerous reports have indicated that sleep plays an essential role in this memory consolidation process (Karni et al., 1998; Gais et al., 2000; Stickgold et al., 2001; Fischer et al., 2002; Walker et al., 2002 Walker et al., , 2003 Tamaki et al., 2007 Tamaki et al., , 2008 ). These studies demonstrate that one intervening night of sleep can increase motor skills to an appreciably high level. Therefore, it is possible that neuroplastic changes occur in the brain, not only during wakefulness but also during sleep. However, the actual mechanisms underlying this plasticity during sleep have yet to be fully investigated.
Recently, it has been suggested that sleep spindles contribute to the synaptic plasticity that facilitates both learning and memory. Sleep spindles are a major characteristic patterns of electroencephalograms (EEGs) observed during non-rapid eye movement (NREM) sleep. Their frequency ranges from 10 to 16 Hz, and they can continue for at least 0.5 s (Sleep Computing Committee of the Japanese Society of Sleep Research Society, 2001) . Sleep spindles appear mainly during Stage 2 of NREM sleep. Some studies have suggested that sleep spindles are related to memory consolidation during sleep (Gais et al., 2002; Clemens et al., 2005; Fogel and Smith, 2006; Schmidt et al., 2006; Tamaki et al., 2008) . For example, temporal correlations between hippocampal ripples (140-200 Hz) and cortical spindles (originating in the prefrontal and somatosensory cortices) have been demonstrated in both mice and rats (Siapas and Wilson, 1998; Sirota et al., 2003) . In a study of humans, sleep spindle density was significantly higher following a paired association task, as compared to a control task that involved
